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Description 

This invention relates to the production of gases 
from underground mineral formations, and more partic- 
ularly to the enhanced production of natural gas or the 
components of natural gas from an underground coal 
formation using a strongly adsorbable fluid and a weakly 
adsorbable gas in combination to stimulate release of 
the desired gases. 

Underground coal formations and other such car- 
bon deposits contain natural gas components, such as 
the lower molecular weight hydrocarbons, due to effects 
of long term coalification. Coal generally has a low po- 
rosity, hence most of the coalbed gas is in the form of 
sorbate on the surfaces of the coal rather than being 
entrapped within the coal. The gas is present in the coal 
deposit in significant quantities; accordingly it is eco- 
nomically desirable to extract it for use as fuel and for 
other industrial purposes. 

Coalbed gas is conventionally produced from un- 
derground coal deposits by pressure depletion. Accord- 
ing to one technique for practicing this procedure, a well 
is drilled into the coal deposit and a suction is applied 
to the well to withdraw the gas from the deposit. Unfor- 
tunately water gradually enters the coal deposit as the 
pressure in the deposit decreases, and as the water ac- 
cumulates in the deposit, it hinders withdrawal of gas 
from the deposit. The drop in pressure as the process 
proceeds, and complications caused by the influx of wa- 
ter into the deposit, lead to a rapid decrease in the gas 
production rate and eventual abandonment of the effort 
after a relatively low recovery of the coalbed gas. 

To avoid the difficulties of the above-described 
pressure depletion method, attempts to recover gases 
from a coal deposit by injecting gaseous carbon dioxide 
into the deposit have been made. The carbon dioxide is 
injected into the coal deposit through an injection well 
which penetrates the deposit. The advantage of this pro- 
cedure is that the carbon dioxide displaces the desired 
gas from the surfaces of the coal and sweeps it toward 
a production well which has also been drilled into the 
deposit, but at a distance from the injection well. Al- 
though this method affords a greater recovery of the 
coalbed gas than the pressure depletion method, it is 
prohibitively costly because large volumes of carbon di- 
oxide are required to effect a reasonable recovery of the 
gas from the deposit. 

It is also known to inject an inert gas, such as nitro- 
gen or argon, into the coal deposit to force the coalbed 
gas from the coal deposit. This procedure is disclosed 
in U. S. Patent 4,883,122. The method of recovery has 
the disadvantage that the inert gas is not adsorbed onto 
the coal; hence it does not easily desorb the coaJbed 
gases. Consequently, although the inert gas does 
sweep some coalbed gas from the deposit, the inert gas 
is removed from the deposit with the coaJbed gas. The 
presence of the inert gas in the coalbed gas removed 
from the deposit reduces its value as a fuel. 



Because of the value of the coalbed gas, methods 
for the efficient recovery of coalbed gas from coal de- 
posits which are free of the above-noted disadvantages 
of prior art recovery techniques are constantly sought. 
5 This invention provides such an improved method. 

According to the present invention there is provided 
a process for recovering an adsorbed fuel gas from an 
underground deposit comprising injecting a first stream 
comprising one or more strongly adsorbable fluids into 
io said deposit; injecting a second stream comprising one 
or more weakly adsorbable gases into said deposit, 
thereby causing said strongly absorbable fluids to flow 
through said deposit and desorb said fuel gas therefrom; 
and withdrawing said fuel gas from the deposit. 
is According to the invention, gaseous substances, 
such as natural gas components, that are adsorbed onto 
the surfaces of subterranean solid carbonaceous forma- 
tions, such as coal deposits, or which are otherwise 
trapped in the formation, are released from the forma- 
20 tion and forced to the surface of the earth by injecting a 
strongly adsorbable fluid stream comprising one or 
more strongly adsorbable fluids into the formation and 
then injecting a gas stream comprising one or more 
weakly adsorbable gases into the formation in a manner 
25 such that the weakly adsorbable gas stream forces the 
strongly adsorbable fluid(s) to move through pores, 
cracks and seams in the formation toward a gas collec- 
tion point in or at the end of the formation. When the fluid 
stream comprising the one or more strongly adsorbable 
30 components is injected into the deposit it facilitates re- 
lease of the gaseous substances adsorbed or trapped 
therein. When the gas stream comprising the one or 
more weakly adsorbable gases is injected into the de- 
posit it forces the strongly adsorbable fluid stream to 
3$ move through the formation ahead of the weakly ad- 
sorbable gas stream. If the strongly adsorbable fluid 
stream is in the form of a liquid, as it moves through the 
formation, which is often at a temperature of about 35 
to 60° C. or more, all or a portion of liquid fluid likely 
*o vaporises. When this occurs, the vapour moves through 
the formation, and as it does so it de sorbs the gaseous 
substances therefrom and sweeps them toward the gas 
collection point. At the collection point the desorbed gas- 
eous substances, which may be mixed with the vapours. 
4$ are withdrawn from the formation. 

The gaseous substances recovered by the process 
of the invention are the gases that are normally found 
in underground solid carbonaceous formations such as 
coal deposits. These include the components of natural 
50 gas, which is made up mostly of lower molecular weight 
hydrocarbons, i.e. hydrocarbons having from 1 to about 
6 carbon atoms. The most prevalent hydrocarbons in 
such natural gas are those having up to 3 carbon atoms, 
and by far the most highly concentrated hydrocarbon 
55 present is methane. Other gases, such as nitrogen, may 
also be present in the formation in small concentrations. 

The strongly adsorbable fluid used in the process 
of the invention may be any gas, liquefied gas or volatile 



so 



56 



3 



EP 0 570 228 B1 



4 



liquid that is non-reactive and which is more strongly ad- 
sorbed by the carbonaceous matter in the formation 
than are the gaseous substances that are to be recov- 
ered from the formation. By non-reactive is meant that 
the fluid does not chemically react with the carbona- s 
ceous matter or the gaseous substances present in the 
formation at the temperatures and pressures prevailing 
in the formation. It is preferred to use liquefied gases or 
volatile liquids that rapidly evaporate at the conditions 
existing in the underground formation. Liquefied carbon io 
dioxide is preferred for use in the process of the inven- 
tion because it is easily liquefied and is more strongly 
adsorbed onto the carbonaceous material than are the 
gaseous substances which it is desired to recover, 
hence it efficiently desorbs the gaseous substances is 
from the coal as it passes through the bed. Carbon di- 
oxide has the additional advantages that it evaporates 
at the temperatures and pressures usually prevailing in 
the formation, thereby forming the more efficiently ad- 
sorbed gas phase, and it is easily separated from the 20 
recovered gaseous substances because its boiling point 
is high relative to the boiling points of the recovered gas- 
eous substances. Because of the latter advantage, it 
can be separated from the recovered formation gases 
by cooling the gas mixture sufficiently to condense the 2s 
carbon dioxide. The liquefied carbon dioxide recovered 
by condensation can be reused in the process of the 
invention. 

As indicated above, the strongly adsorbable fluid 
stream may comprise a single strongly adsorbable com- 30 
ponent, or it may comprise a mixture of two or more 
strongly adsorbable components. The presence of mi- 
nor amounts of weakly adsorbable gases in the strongly 
adsorbable fluid stream will not prevent the strongly ad- 
sorbable fluid from performing its intended function in 3$ 
the process of the invention. However, since the princi- 
pal benefit is derived from the strongly adsorbable com- 
ponent(s), the strongly adsorbable component(s) are 
present as the major components of this stream. In gen- 
eral, it is preferred that the strongly adsorbable compo- <o 
nent(s) comprise at least 75 and most preferably at least 
90 volume percent of the strongly adsorbable fluid 
stream. Typical strongly adsorbable component 
streams comprise substantially pure carbon dioxide or 
mixtures of carbon dioxide as the major component and *s 
an weakly adsorbable gas, such as nitrogen, argon or 
oxygen, as a minor component. 

The weakly adsorbable gas used in the process of 
the invention can be any gas or mixture of gases that is 
nonreactive, i.e. it does not chemically react with the car- so 
bonaceous material or the gaseous substances con- 
tained in the formation at the temperatures and pres- 
sures prevailing in the formation. Preferred weakly ad- 
sorbable gases are those that are not readily adsorbed 
onto the surfaces of the carbonaceous material. Typical ss 
gases that can be used as the weakly adsorbable gas 
in the process of the invention are nitrogen, argon, he- 
lium, air. nitrogen -enriched air and mixtures of two or 



more of these. Nitrogen and nitrogen -enriched air are 
the most preferred weakly adsorbable gases because 
they are less expensive and more readily available than 
argon and helium and safer to use than air. As was the 
case with the strongly adsorbable fluid stream, the 
weakly adsorbable gas stream may contain minor 
amounts of strongly adsorbable gases, such as carbon 
dioxide. However, since strongly adsorbable gases per- 
form no useful function in the weakly adsorbable gas 
stream it is preferred that the concentration of these gas- 
es in this stream be kept to a minimum. 

The process of the invention can be used to pro- 
duce gases from any solid underground carbonaceous 
formation. Among typical carbonaceous deposits from 
which valuable fuel gases can be produced are anthra- 
cite, bituminous and brown coal, lignite, peat. 

To prepare an underground formation for recovery 
of the desired gaseous substances by the process of 
the invention, provision is made for introducing strongly 
adsorbable fluid and weakly adsorbable gas into the for- 
mation and for withdrawing the desired gaseous sub- 
stances therefrom. This can be conveniently accom- 
plished by drilling one or more injection wells and one 
or more production wells into the formation. A single in- 
jection well and a single product well can be used, how- 
ever it is usually more effective to provide an array of 
injection wells and production wells. For example, injec- 
tion wells can be positioned at the comers of a rectan- 
gular section above the formation and a production well 
can be positioned in the centre of the rectangle. Alter- 
natively, the gas production field can consist of a central 
injection well and several production wells arranged 
around the injection well or a line-drive pattern, i.e. al- 
ternating runs of injection wells and production wells. 
The arrangement of the gas recovery system is not crit- 
ical and forms no part of the invention. For simplicity the 
invention will be described as it applies to the extraction 
of methane from a coal deposit using a single injection 
well, a single gas production well, liquefied carbon diox- 
ide as the strongly adsorbably fluid and nitrogen as the 
weakly adsorbable gas. It is to be understood, however, 
that the invention is not limited to this system. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings, in 
which; The invention is illustrated in the drawings, in 
which: 

Fig. 1 is a side elevation of a subterranean forma- 
tion containing a solid carbonaceous deposit, wherein 
the deposit is penetrated by an injection well and a pro- 
duction well. 

Ftg. 2 is a side elevation of the formation of Fig. 1 , 
after liquefied gas has been injected into the deposit il- 
lustrated therein; and 

Fig. 3 is a side elevation of the formation shown in 
Fig. 1 after liquefied gas and weakly adsorbable gas 
have been injected into the deposit illustrated therein. 

In the drawings like characters designate like or cor- 
responding parts throughout the several views. Auxiliary 
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valves, lines and equipment not necessary for an under- 
standing of the invention have been omitted from the 
drawings. 

Considering first Fig, 1 , illustrated therein is a coal 
deposit 2. which is penetrated by injection well 4 and 
gas production well 6. Line 8 carries the fluid to be in- 
jected into the coal deposit from a source (not shown) 
to pump 10, which raises the pressure of the fluid being 
injected into the coal deposit sufficiently to enable it to 
penetrate the deposit. The high pressure fluid is carried 
into well 4 via line 1 2. The fluid in well 4 passes through 
the wall of well 4 through openings 14. Methane is with- 
drawn from the coal deposit by pump 16. The methane 
enters welt 6 through openings 18, rises to the surface 
through well 4 and enters pump 1 6 via line 20. The meth- 
ane is discharged from pump 1 6 to storage or to a prod- 
uct purification unit (not shown) through line 22. 

Fig. 2 illustrates the first step of the process of the 
invention. During this step liquefied carbon dioxide is 
pumped into coal deposit 2. The direction of movement 
of the liquefied carbon dioxide through well 4 is repre- 
sented by arrow 24 and the direction of flow of the liq- 
uefied carbon dioxide into the coal deposit is represent- 
ed by arrows 26. It appears that the liquefied carbon di- 
oxide passing through the coal deposit forms a front, 
represented by reference numeral 28. As the liquefied 
carbon dioxide moves through the coal deposit it stim- 
ulates the release of methane from the deposit. It is not 
known with certainty how this is accomplished, but it is 
believed that this effect is perhaps caused by a combi- 
nation of factors, such as fracturing of the coal deposit 
structure from the force of the liquefied gas in the pores 
of the coal and expansion of seams in the coal deposit. 
It appears likely that some of the liquefied carbon diox- 
ide is vaporised as it passes through the warm formation 
and that some methane is desorbed from the coal by 
the vaporised carbon dioxide and some is desorbed by 
the liquefied carton dioxide. In any event the methane 
is swept through the coal deposit by the carbon dioxide. 
In Fig. 2. the methane concentrates ahead of front 28, 
in the region represented by reference numeral 30. 

The second step of the invention is illustrated in Fig. 
3. In this step nitrogen is pumped into the coal deposit 
after the desired amount of liquefied carbon dioxide is 
pumped into the deposit. The flow of nitrogen through 
well 4 is represented by arrow 32. and the flow of nitro- 
gen into coal deposit 2 is represented by arrows 34. It 
is postufted that as the nitrogen passes through the coal 
deposit it forms a front 36 behind the body of liquefied 
carbon dioxide, the tatter of which is represented by ref- 
erence numeral 38. The body of liquefied carbon dioxide 
appears to act as a buffer between the methane and the 
nitrogen, thereby tending the inhibit mixing of the nitro- 
gen with the methane being recovered from the deposit 
Again, the reason for this is not known, but it appears 
that a possible explanation for this effect is that frothing 
of the liquefied carbon dioxide may result at the liquefied 
carbon dioxide-nitrogen interface, and the froth may to 
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some extent interfere wfth the passage of the nitrogen 
into the liquefied carbon dioxide. The flow of methane 
released from the deposit into production well 6 is rep- 
resented by arrows 40. and the flow of the methane 
5 through well 6 is represented by arrow 42. 

The invention is further exemplified by the following 
hypothetical examples, in which parts, percentages and 
ratios are on a weight basis, unless otherwise indicated. 

io EXAMPLE I 

Injection and production wells are drilled into a coal 
seam containing adsorbed methane in a repeating line- 
drive pattern having a well-to-well distance of 1000 ft. 
is Liquefied carbon dioxide is then injected into the coal 
seam through the injection wells, until a total of 15,000 
bbl. per well is injected into the seam. Next, nitrogen is 
injected into the coal seam through the injection wells 
as a propellant gas. As the nitrogen is pumped into the 
20 wells, a methane-rich gas stream is removed from the 
seam through the production wells. When about 3.6 
(10 6 ) standard cubic feet (scf) per well of nitrogen has 
been injected into the coal seam, the concentration of 
nitrogen in the product stream will begin to increase, in- 
25 dicating that break-through of the nitrogen propellant 
gas will have occurred. At this point the volume of meth- 
ane removed from the coal seam will have reached 
about 42.9 (10 6 ) scf per well. 



The procedure of Example I is repeated except that 
no nitrogen propellant gas is injected into the coal seam. 
The total volume of methane removed from the coal 
35 seam will be about 23.7 (10 6 ) scf per well. 

EXAMPLE HI (COMPARATIVE) 

The procedure of Example I is repeated except that 
<o no liquefied carbon dioxide is injected into the coal 
seam. At the point of nitrogen break-through, 3.0 (10 6 ) 
scf per well of nitrogen will have been injected into the 
coal seam and the volume of methane removed from 
the well will have reached about 15.9 (10 6 ) scf per well. 
^5 Examination of the above examples shows that the 
volume of methane recovered from the coal seam is 
considerably greater when first liquefied carbon dioxide 
and then nitrogen are injected into the coal seam to force 
methane from the coal seam than when either liquefied 
50 carbon dioxide or nitrogen are used alone to force the 
methane from the coal seam 



Claim* 

1 . A process for recovering an adsorbed fuel gas from 
an underground deposit comprising: 
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(a) injecting a first stream comprising one or 
more strongly absorbable fluids into said de- 
posit; 

(b) injecting a second stream comprising one 
or more weakly adsorbable gases into said de- 
posit, thereby causing said strongly adsorbable 
fluids to flow through said deposit and desorb 
said fuel gas therefrom; and 

(c) with drawing said fuel gas from said deposit. 

2. A process according to Claim 1 , wherein said de- 
posit is a carbonaceous deposit. 

3. A process according to Claim 1 or Claim 2. wherein 
said carbonaceous deposit is selected from coal, 
lignite, peat and mixtures thereof. 

4. A process according to any one of Claims 1 to 3, 
wherein said fuel gas is natural gas. 

5. A process according to any one of the preceding 
claims, wherein said fuel gas is comprises meth- 
ane. 

6. A process according to any one of the preceding 
claims, wherein said first stream comprises carbon 
dioxide. 

7. A process according to claim 6, in wh ich said carbon 
dioxide is introduced into said deposit in liquid state. 

8. A process according to Claim 6, wherein said first 
stream additionally includes nitrogen. 

9. A process according to any one of the preceding 
claims, wherein said second stream comprises one 
or more gases selected from nitrogen, helium, ar- 
gon, air and mixtures of these. 

10. A process according to clam 7, in which the deposit 
is penetrated by an injection well and a production 
well, the first stream and the second stream are in- 
troduced into the deposit through the injection well 
and the second stream is withdrawn through the 
production well. 



Paten tanspruche 

1. Ein Verfahren zum Gewinnen eines adsorbierten 
Heizgases aus einer unterirdischen Ablagerung mit 
den Schritten, dad 

(a) ein erster Strom mit einem odor mehreren 
stark adsorbierfahigen Fluiden in die Ablage- 
rung etngesprrtzt wird. 

(b) ein zwerter Strom mit einem Oder mehreren 
schwach adsorbierfahigen Gasen in die Abla- 
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gerung eingespritzt wird, wodurch verursacht 
wird, da8 die stark adsorbierfahigen Fluide 
durch die Ablagerung fliefBen und das Heizgas 
daraus desorbieren, und 
(c) das Heizgas aus der Ablagerung abgezo- 
gen wird. 

2. Ein Verfahren nach Anspruch 1 , 

worin die Ablagerung eine kohlenstoffhaltige Abla- 
io gerung ist 

3. Ein Verfahren nach Anspruch 1 oder Anspruch 2, 
worin die kohlenstoffhaltige Ablagerung aus Kohte, 
Lignit, Torf und Mischungen davon gewahft ist 

is 

4. Ein Verfahren nach einem der Anspruche 1 bis 3, 
worin das Heizgas Erdgas ist. 

5. Ein Verfahren nach einem der vorhergehenden An- 
& spruche, 

worin das Heizgas Methan umfaflt. 

6. Ein Verfahren nach einem der vorhergehenden An- 
spruche, 

25 worin der erste Strom Kohlendioxid umfaOt. 

7. Ein Verfahren nach Anspruch 6, 

in welchem das Kohlendioxid in die Ablagerung in 
flussigem Zustand eingefuhrt wird. 

30 

8. Ein Verfahren nach Anspruch 6, 

worin der erste Strom zusatzlich Stickstoff umfaGt. 

9. Ein Verfahren nach einem der vorhergehenden An- 
& spruche, 

worin der zweite Strom ein oder mehrere Gas(e) 
umfaftt, das/die aus Stickstoff, Helium, Argon, Luft 
und Mischungen von diesen ausgewahlt ist/sind. 

to 10. Ein Verfahren nach Anspruch 7, 

in wetehem die Ablagerung von einem Einspritz- 
bohrtoch und einem Produktionsbohrkxh durch- 
drungen ist. wobei der erste Strom und der zweite 
Strom in die Ablagerung durch das Einspritzbohr- 

4$ loch eingefuhrt werden und der zweite Strom durch 
das Produktionsbohrloch abgezogen wird. 



Revindications 

50 

1 . Precede pour recuperer un gaz combustible adsor- 
be, a partir o"un gisement souterrain, le precede 
comprenant : 

55 (a) rejection, dans ledit gisement, cfun premier 

courant comprenant un ou plusieurs flu ides for- 
tement adsorbables ; 

(b) rejection dans ledrt gisement d'un second 
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courant comprenant un ou plusieurs gaz faible- 
ment adsorbables, ce qui provoque ta circula- 
tion desdits fluides fortement adsorbables, les- 
quels se deplacent dans (edit gisement et la de- 
sorption dudit gaz combustible ; et s 
(c) le soutirage ou I'extraction dudit gaz com- 
bustible enleve dudit gisement. 

2. Proc6d6 selon la revendication 1 , dans lequel ledit 
gisement est un gisement carbone\ 10 



3. Precede selon la revendication 1 ou la revendica- 
tion 2, dans lequel ledit gisement carbone (contient 
une matiere carbon6e) est choisi parmi du charbon 

ou de la houille, du lignite, de la tourbe et leurs me- '5 
langes. 

4. Procede" selon Tune quelconque des revendications 
1 a 3, dans lequel (edit gaz combustible est du gaz 
nature!. 20 



5. Proc6de" selon Tune quelconque des revendications 
precedentes, dans lequel ledit gaz combustible est 
ou comprend du methane. 

25 

6. Precede selon Tune quelconque des revendications 
precedentes, dans lequel ledit premier courant 
comprend du dioxyde de carbone. 

7. Precede selon ta revendication 6, dans lequel ledit 30 
dioxyde de carbone est introdurt a I'etat liqutde dans 
ledit gisement. 

8. Precede selon la revendication 6, dans lequel le 
premier courant contient en outre de I'azote. 3$ 

9. Precede selon Tune quelconque des revendications 
precedentes, dans lequel ledit second courant com- 
prend un ou plusieurs gaz choisis parmi I'azote, 
I'helium, I'argon, I'air et des melanges de ceuxci *o 

10. Precede selon la revendication 7, dans lequel le gi- 
sement est perce cfun purts cf injection et d'un purts 
de production, le premier courant et le second cou- 
rant sont introduits dans le gisement par Pintermd- ^ 
diaire du purts d" injection et le second courant est 
extrait ou retird par rintermediaire du puits de pro- 
duction. 
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